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1864-Pos Board B1
The Mechanoenzymatic Properties of Drp1 in Nucleotide Induced
Constriction of Lipid Bilayers
Christopher A. Francy, Frances J.D. Alvarez, Louie Zhou, Jason A. Mears.
Pharmacology, Case Western Reserve University, Cleveland, OH, USA.
Mitochondria are dynamicorganelles that continually undergocyclesof fission and
fusion. Dynamin-related protein 1 (Drp1), an 81 kDaGTPase, is themainmediator
of mitochondrial fission. In order to mediate fission, Drp1 is thought to form large
oligomers in the presence of nucleotide on the outer mitochondrial membrane.
Using sedimentation assays and electron microscopy, we confirm that Drp1 self-
assembles in the presence of either or both nucleotide and artificial lipid bilayers
in vitro. We further identify these oligomeric species as conformationally distinct
structures. Drp1 constricts lipid bilayers through a mechanism that requires GTP
hydrolysis. Following constriction, Drp1 disassembles and can reassociate with
lipid bilayers. Here we also show that the variable domain (VD) is not required
for lipid association. Rather, it limits Drp1 oligomerization and aids in oligomer
curvature. Our results support the conclusion that Drp1 is a mechanoenzymatic
protein regulated through distinct interactions with nucleotide and liposomes.
1865-Pos Board B2
Caveolin Revealed: A Mutagenesis Study of Caveolin-1
Sarah Plucinsky, Kerney J. Glover.
Lehigh University, Bethlehem, PA, USA.
Caveolae are 50-100 nm invaginations in the plasma membrane that are rich in
cholesterol, sphingomyelin and the integral membrane protein called caveolin-
1. Caveolin-1 has three main functions: forming caveolae, cell signaling, and
endocytosis. To examine the importance of conserved residues within the scaf-
folding and intra-membrane domains of caveolin-1, alanine and phenylalanine
scanning mutagenesis was performed on conserved residues. These residues
were identified by sequence alignment of the three caveolin isoforms. Sixteen
residues (S88, F92, K96, Y97, Y100, L103, P110, A112, G116, F119, A120,
S123, H126, I127, W128 and P132) were mutated individually to both alanine
and phenylalanine and subjected to analysis by NMR spectroscopy (1H-15N-
HSQC). The effect of the mutation on the overall protein structure was moni-
tored by comparison to the wild-type spectrum. These mutagenesis studies
reveal seven residues (Y100, P110, A112, G116, S123, H126, and P132) that
are structurally significant. The residues within the scaffolding domain are
more permissive to mutation than the intra-membrane domain. The proline res-
idues within the intra-membrane domain were shown to be critical for protein
structure. These findings shed light onto the structurally relevant residues
within the caveolin-1 scaffolding and intra-membrane domains, and further
our understanding of the requirements for protein structure and stability.
1866-Pos Board B3
Reconstitution and Topological Analysis of Caveolin-1 in Bicelles
Kyle Root.
Chemistry, Lehigh University, Bethlehem, PA, USA.
Caveolae are 50-100 nm invaginations in the plasma membrane of many cell
types that play a critical role in signal transduction. Caveolin-1 is a 21 kD integral
membrane protein that is required for the formation of caveolae. Caveolin-1 is
thought to adopt an unusual horseshoe topology in the membrane where the N-
and C- termini are cytoplasmic. Caveolin-1 has 4 native tryptophan residues in
this region (W85, W98, W115, and W128) that can be used as reporters of the
micro-environment of the polypeptide chain. Caveolin-1 single tryptophan mu-
tants were successfully reconstituted into CHAPSO/DMPC bicelles. Fluores-
cence emission measurements were performed on each mutant and analysis of
these spectra indicated that tryptophan residues 85 and 128 are in the head group
region of the lipid bilayer with lmax values of 344.4 5 2.4 nm and 338.2 5
0.6 nm respectively, and tryptophan residues 98 and 115 are inserted into the
hydrophobic core with lmax values of 334.4 5 0.2 nm and 330.25 1.0 nm,
respectively. The information gleaned from these studies was supported by MD
simulations performed on caveolin-1 in aDMPCbilayer. These data together sup-
port the postulation that caveolin-1 contains a membrane embedded turn.
1867-Pos Board B4
Fragment-Based Drug Design Approach for Targeting Phospholipid
Biosynthesis Pathway in Plasmodium Falciparum
Ewelina Guca1, Marina Lavigne1, Franc¸ois Hoh2, Jean-Franc¸ois Guichou2,
Christian Roumestand2, Henri Vial1, Rachel Cerdan1.1DIMNP UMR 5235, University of Montpellier II, Montpellier, France,
2Centre de Biochimie Structurale, INSERM/CNRS UMR 5048, Montpellier,
France.
Phospholipid synthesis metabolic pathways in Plasmodium falciparum are vali-
dated drug targets for new type of antimalarials. In the de novo Kennedy
pathway of phosphatidylcholine biosynthesis, the second step catalyzed by
CTP:phosphocholine cytidylytransferases [2.7.7.15] is rate limiting and ap-
pears essential for the parasite survival at its blood stage. We are focused on
the structural characterization of this enzyme, the identification of effectors
by fragment-based drug design approach (FBDD) and then their optimization
to eventually design a lead. We solved the first reported crystal structure of
the catalytic domain of the enzyme target (PfCCT) at resolution 2.2 A˚ and
the enzyme-product (CDP-choline) complex structure at resolution 2.4 A˚ that
give detailed images of binding pocket and demonstrate conformational
changes between apo- and holo-protein forms at atomic level. The FBDD
method uses a library of small molecules (fragments) with molecular weight
that does not exceed 300 Da to explore target binding sites. Primary screening
of fragment library (230 molecules) has been investigated by fluorescence-
based thermal shift assay and Nuclear Magnetic Resonance Saturation Transfer
Difference (NMR STD) method is used as a secondary screen to eliminate false
positive ligands. This combination of techniques identified so far 4 fragment
hits that are currently evaluated for their binding modes and affinities. Co-
crystallization of the protein-fragments complexes is carrying out to provide
accurate information on the binding modes of the small molecules and topology
of interactions will be used to rationally monitor every iterative round of the
optimization process allowing subsequent rational design.
1868-Pos Board B5
Mechanisms of Pin1 Regulation of IRAKM Stability in Toll-Like Recep-
tor/Interleukin-1 Receptor Signaling
Jeahoo Kwon1, Morris Nechama2, Kun Ping Lu2, Linda K. Nicholson1.
1Molecular Biology and Genetics, Cornell University, Ithaca, NY, USA,
2Harvard Medical Center, Harvard Univeristy, Boston, MA, USA.
The molecular mechanisms of asthma, a chronic inflammatory sickness that in-
volves activation of the innate immunity signaling pathways, are not yet fully
understood. Our studies focus on the peptidyl-prolyl isomerase enzyme Pin1
and its substrates in innate immunity signaling. Prolyl peptide bonds, such as
in pS/T-P motifs, can exist in two distinct isomer conformations, cis and trans,
that exchange on a slow time scale (several minutes). Isomerization of pS/T-P
motifs can be accelerated by Pin1. Pin1 has recently been shown to be activated
by IL-33 which activates IL-1R signaling in Th2 cells, inducing asthma. Pin1
knockout (KO -/-) abolishes Th2 cytokine release thereby preventing asthma
symptoms. Pin1 also prevents degradation of IRAKM, a negative regulator
of TLR/IL-1R signaling, but promotes the nuclear localization of IRAKM.
IRAKM is phosphorylated upon IL-33 treatment. The phosphomimetic muta-
tion IRAKM S110E is dramatically stabilized in a Pin1-dependent manner,
even more than wild type IRAKM. We test the model that Pin1 regulation of
IRAKM stability and nuclear localization is mediated by the direct interaction
of Pin1 with phosphorylated IRAKM. The dissociation constants, KD, for Pin1
binding to phosphorylated IRAK-M (pIRAKM) and to the phosphomimetic
mutation IRAKM S110E were determined using the 1H 15N HSQC NMR
experiment. Furthermore, the Pin1 catalyzed isomerization of wild type
pIRAKM and IRAKM S110E were measured using the ROESY NMR exper-
iment. This study is expected to contribute to our understanding of the novel
mechanism of Pin1 regulation of the TLR/IL-1R signaling pathway in terms
of specific domains of IRAKM.
1869-Pos Board B6
Using Biochemical and Structural Approaches to Study ErbB2-Containing
Heterodimers
Lily L. Raines, Daniel J. Leahy.
Biophysics and Biophysical Chemistry, Johns Hopkins University School of
Medicine, Baltimore, MD, USA.
Dimerization of epidermal growth factor receptor (EGFR/ErbB) homologs is
necessary for their activation. Dysregulation of each of these receptors is linked
to a variety of cancers. Most members of this protein family adopt a tethered
conformation in the absence of ligand that prevents the formation of active di-
mers, while ErbB2 adopts a constitutively extended conformation mimicking
the ligand-bound conformation. Surprisingly, ErbB2 does not homodimerize
yet is the preferred dimerization partner of the other EGFR homologs. The rea-
sons for this are unclear, and previous attempts to address these questions using
structural techniques were unsuccessful. Here we drove dimerization of the
extracellular domains of EGFR family members with ErbB2 by fusion of
one extracellular domain to the light and the other to the heavy chain of an
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small angle x-ray scattering and electron microscopy to determine the structure
of these heterodimers in the presence and absence of ligand to reveal what
structural facets underlie their activation.
1870-Pos Board B7
Probing the Cellular Entry Pathway via TolC of the Cytotoxin, Colicin E1
Karen S. Jakes1, Stanislav D. Zakharov2, Xin S. Wang2, Ilya Seleznev2,
William A. Cramer2.
1Physiology & Biophysics, Albert Einstein College of Medicine, Bronx, NY,
USA, 2Department of Biological Sciences, Purdue University, W. Lafayette,
IN, USA.
The pathway of cellular entry of colicins and viral DNA is a fundamental
structure problem that is relevant to an understanding the molecular basis of
infectious diseases. The cytotoxin colicin E1 uses the outer membrane/trans-
periplasmic drug export protein, TolC, for its import. TolC consists of a 12
strand OM b-barrel connected to a 12 strand a-helical tunnel that defines a
pathway through the peptidoglycan barrier in the periplasm to the cytoplasmic
membrane in which the C-terminal domain of colicin E1 inserts and forms a
depolarizing ion channel. The nature of the interaction of the colicin with
TolC and the mechanism of its translocation are unknown. Previous studies
with planar bilayers showed that colicin E1 occludes TolC channels [1], as
do certain colicin T-domain peptides [2].
Here, in vivo protection of sensitive E. coli from colicin E1 by a series of
N-terminal colicin peptides is used to probe the interaction of the colicin
with TolC, with the goal of defining the sites of TolC-colicin interaction and
the mechanism of colicin entry. N-terminal segments ‘1-40’,’1-81’, and
‘1-100’ of the colicin did not provide cytotoxic protection, nor occlude TolC
channels. Segments ‘1-120’, ‘1-140’, 1-190’, as well as ‘41-190’ and
‘57-190’ protected efficiently in vivo and occluded TolC with high efficiency.
Occlusion required a trans-negative electrical potential and was irreversible.
Co-elution of the colicin peptides with TolC on a Superdex 200 column was
shown for ‘41-190’, but not for ‘1-81.’ In addition to the correlation with pro-
tection in vivo from killing by colicin E1, occlusion efficiency also correlated
with a basic pI between colicin residues 82 and 140. [1] Biophys. J., 87:3901-
3911, 2004; [2] Biochem. Soc. Trans., 40:1463-1468, 2012. Support: NIH
AI091633 (KSJ); NIH GM38323 and the Henry Koffler Professorship (WAC).
1871-Pos Board B8
The Membrane Catalysis Model: Apelin and its Receptor
Robin E. Patterson1, Nathan Weatherbee-Martin1, Nigel A. Chapman1,
Denis J. Dupre´2, Jan K. Rainey1,3.
1Department of Biochemistry & Molecular Biology, Dalhousie University,
Halifax, NS, Canada, 2Department of Pharmacology, Dalhousie
University, Halifax, NS, Canada, 3Department of Chemistry, Dalhousie
University, Halifax, NS, Canada.
Apelin is a peptide hormone that activates the class A G-protein coupled apelin
receptor. Apelin is found in several bioactive isoforms in the body, ranging
from 12 to 55 amino acids in length. Apelin-17 has previously been shown
to bind to micelles of anionic detergents, which implies that apelin may interact
with cell membranes prior to receptor activation. It has been theorized that this
interaction with the membrane may induce conformational changes necessary
for peptide recognition by the receptor, while increasing local concentration of
the ligand in what is known as the membrane catalysis hypothesis. Here, we
describe a method for conjugating various isoforms of apelin to fluorophores,
while still maintaining bioactivity, as demonstrated by a phosphorylated extra-
cellular signal-regulated kinase (pERK) assay in apelin receptor-transfected
human embryonic kidney cells. These labeled peptides were then used for
both fluorescence and diffusion-ordered nuclear magnetic resonance spectros-
copy experiments in the presence of varying concentrations of micelle and
bicelle species to test for membrane interaction as required by the membrane
catalysis model. Fo¨rster resonance energy transfer experiments were performed
with fluorescently labeled apelin isoforms to native tryptophan in fragments
of the apelin receptor and to eGFP-tagged full-length apelin receptor
to both localize the ligand-receptor binding interface and to quantify the
peptide-receptor interaction.
1872-Pos Board B9
Functionality of MscL in Droplet Interface Bilayer
Mohammad Heiranian, Amir Barati Farimani, Narayana Aluru.
University of Illinois at Urbana-Champaign, Urbana, IL, USA.
A droplet interface bilayer (DIB) forms when two water droplets in oil are
brought into contact in the presence of lipid molecules. DIBs have shown to
be promising in providing a lipid bilayer platform for studying ion channels
and biological nanopores. In this work, using extensive all-atom molecular dy-namics simulations (up to 1,000,000 atoms), we study the response of a large
conductance mechanosensetive protein channel (MscL), embedded in a DIB,
to electrochemical stimulations. MscL channel activation has been known to
be tension-dependent meaning that they conduct ions when excited mechani-
cally. Here, we find that a MscL channel at its intermediate expanded state
can undergo a conformational change to further expand and reach its fully
open state when an ion concentration gradient is applied across the DIB. This
gradient is applied such that the salt solution in one droplet is dilute and the other
is concentrated. Ionsmove by diffusion from the high concentrated droplet to the
low concentrated droplet resulting in a flow of water and ions through the chan-
nel and subsequently expandingMscL. The ion concentration gradient across the
DIB introduces a gain of function in MscL opening mechanism and can lead to
implementing novel nano-scale biologically-inspired materials and devices.
1873-Pos Board B10
Homology Models of the Trimeric CNG Channel C-Leucine Zipper
Domains Offer Insight about the Olfactory CNG Channel Subunit
Stoichiometry
Dillion M. Fox1, Christopher M. MacDermaid1, Jacqueline Tanaka2.
1Institute of Computational and Molecular Science, Temple University,
Philadelphia, PA, USA, 2Biology, Temple University, Philadelphia,
PA, USA.
CNG channels in rod, cone and olfactory sensory neurons are tetrameric pro-
teins composed of A-type and B-type subunits. The subunit compositions of
rod and cone photoreceptors are 3:1 CNGA1:CNGB1 and CNGA3:CNGB3,
respectively. A parallel 3-helix coiled-coil domain in the carboxy-terminal
leucine zipper (CLZ) region of CNGA1 constrains the channel to incorporate
a single CNGB1 subunit. High-resolution crystal structures of soluble trimeric
CLZ domains from CNGA1 and CNGA3 were similar and support the idea that
the trimeric CLZ domain governs rod and cone subunit stoichiometry (Shuart et
al. 2011 doi:10.1038/ncomms1466). By contrast, olfactory neurons have a sub-
unit composition of 2:1:1 of CNGA2:CNGA4:CNGB1b. We used the X-ray
structures of the CNGA1 and CNGA3 CLZ domains to construct a homo-
trimeric CNGA2 and a hetero-trimeric CNGA2:CNGA4 (2:1) model using
probablistic protein design. Once the homology models were constructed, the
energies of the structures were minimized to equilibrate the systems. The po-
tential energies of the systems after equilibration serve as a baseline reference
point to quantify the overall stability of each structure. The potential energies
from CNGA1, CNGA2, CNGA3 and CNGA2/CNGA4 were compared, and the
heterotrimer was shown to have a more favorable structure than the homo-
trimers. We then performed energetic calculations using robust classical
methods. The results reinforced the hypothesis that the heterotrimeric
CNGA2/CNGA4 CLZ structure is the thermodynamically favored configura-
tion. This approach was used to examine achromatopsia-associated mutations
in the CLZ region of the cone CNGA3 channel subunit. The results and impli-
cations from the modeling will be presented in the context of achromatopsia
pathophysiology.
1874-Pos Board B11
Molecular Dynamics Simulations of Wild-Type and Mutant AQP6 Chan-
nels: Investigation of Anion Transport in Human AQP6
Ravi Kumar Verma, Ramasubbu Sankararamakrishnan.
Biological Sciences and Bioengineering, Indian Institute of Technology,
Kanpur, Kanpur, India.
Channels belonging to Major Intrinsic Protein (MIP) superfamily are known to
selectively transport water, glycerol and other neutral solutes and inhibit proton
and ion transport. Among the 13 known humanMIP homologs, AQP6 is the only
channel implicated in anion transport. The selectivity filter of AQP6 is identical
to AQP1 which is a water selective channel; however, AQP6 shows very little
water transport. Additionally, Hg2þ was found to increase water and ion trans-
port through AQP6 channels, which seems counterintuitive as Hg2þ ions in-
hibits water transport in case of AQP1 by modifying the SF cysteine residue.
Previous studies [1] showed that a single mutation, N60G, entirely changes
the transport properties of AQP6. N60G mutant was shown to transport water
and inhibit anion transport. The current study investigates the effects of N60G
mutation on AQP6 water and ion transport using all atom molecular dynamics
(MD) simulations and steered molecular dynamics (SMD) approaches.
To find out the effect of N60Gmutation, we have carried out MD simulations of
modelled wild-type and N60G mutant of hAQP6 tetramer in explicit lipid
bilayer for 100ns each. MD simulations of the WT and mutant AQP6 channels
provide insights into the structural changes that lead to higher water transport in
mutant-AQP6. During the simulations no anion was able to traverse the channel
completely; however few anions entered the central channel or the monomeric
channels indicating the possible paths anions can take. Additionally, compari-
son of Potential of Mean Force (PMF) profiles of wild-type and mutant-AQP6
